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ABSTRACT 


The effect of a simple back-ground on the non-linear 
field theory proposed by \Dr. H. Schiff is studied. To begin 
with a brief review of the work concerning original field 

, 2 . : : 
equations, ee =- (1+ ADA, » is given. The new equations, 


F - (1 + AA, - J. » are proposed. As a simple back-ground, 


ik,k 


current J. is chosen as J; = (0,0,0,i9) where p is a constant. 


The static solutions with H=0 are studied. Neutral 
particle-like solutions are studied numerically and variationally. 
A possible situation for charged particle-like solutions is con- 
sidered. The difficulty in the construction of a most general 
symmetric energy-momentum tensor with a local conservation law is 
pointed out. The mass spectrum of charged particles could not be 
established. The charge spectrum is established only heuristically. 
It is pointed out that a simple back-ground removes the mass dege- 
neracy between vy and wy neutral particle-like solutions. Possible 
consequences regarding the resulting inequality in positive and negative 


charge values are also inyestigated. 
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I. INTRODUCTION 


The interest in non-linear field theories, as an approach 
towards the understanding of the intrinsic nature of the elementary 


Ppacticles is well Viens 


Also there has been some interest in the hypothesis of a 
"Universal Back-ground', Recently, a number of physical phenomena, 
which hitherto could only be explained on the quantum hypothesis, have 
been explained entirely in terms of classical physics by introducing 


, Onn 2 
a zero-point radiation as a 'back-ground'. 


In the present work the idea of 'back-ground' is introduced 
Pp 4 


gnecne classical non-linear theory proposed by Dr. H. SSnuee © 


For the purpose of this work we take for 'back-ground' a 
constant uniform charge density throughout the space. The motivation 
behind this choice is to observe the effect of simple back--ground on 
the solutions of the non-linear system. This heuristic hypothesis may 
also be used as a basis for Sens the ideas involving the inequality 


of basic positive and negative charges. 
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In the next chapter we take a brief look at the work concern- 
ing the original field eguautonse: while in the following chapters we 


study the new field equations. 


So) He Schitt seroe. Roy. soc, London, mA 269, 5277 31962). 
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Gia Darewych. and H. Schiff, “Can. J. Phy. , 47, 2597 11969), etc. 
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If. SUMMARY OF THE PREVIOUS WORK 


The original field equations are: 


fe ee Sime eee Ar] A, | (11-1) 


where, 
ee eeede eink 
Ey) 
zee (x, ict) 
and 
A, PIE, 


2 ae 
A and 9 are usual vector and scalar potentials respectively, m 
and g are the universal constants with dimensions of mass and charge 
respectively. Summation over repeated indices is assumed, with 
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Under the transformation Ay > Av’ eae and x, > X > fi/me 


the equations take the dimensionless form 


2 
ayes = -(1 + A) A. ; (If-1la) 
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In vector notation the field equations are 


Tx = oboe (le AUR 


(II-1b) 
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The field equations (II-1) are equivalent to the principle 


of least action 


6S = 0 


with action function defined as 


4 
S = | ee ee x 


where the Lagrangian density is 


where N 


uf 1 
Baten ram di oer et 5 Aaau i AX Ay + K] (LI-2) 
and K are contants. 
The symmetrised energy - momentum tensor is 


N 2 
LP Nera [Lo.. - Fs Fae = atl! + Ap) AAJ] (II-3) 
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The existance of non-Maxwellian plane wave-like solutions 
was indicated. But mainly the static solutions with H=0 were 


studied. Under this condition equations (II-lb) become 


eo Ue > ee 
(lL +A -¢)A=0 (II-4) 
and 
ete) 
926 me Cle oe - Way (II-5) 
Mee 4 a —2 2 
thes ampliessthat ~Av=.0. or/and (1+ A —¢ 1) = 0 . In 


the case, A= 0 everywhere (II-5) becomes 


En eA (i 1-6) 


It was shown that there exists a discrete set of particle-- 
’ : sr gh 
like solutions, which are asymptotic to zero as e /r (for spherically 
symmetric case). These solutions represent spinless neutral particles 


(since [reas = 0) “in “this theory. 


The equation was solved numerically and the masses of the 


particles were obtained by evaluating 


eo =. En dv Ge 
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in the rest frame. 


Also non-spherical solutions representing neutral particles 


: 2 
were studied. 


In the case that A =0 in some spherical region V_ near 


—2 
the origin and (l1+A_ - be) = 0 outside V_ (both the conditions 


hold on the boundary surface S between these two regions), 9% satisfies 


reas in Vv (II-8) 


and 


outside V (II-9) 


I 
S 


vo 


with a boundary condition ¢=+1 on S. 


Spherically symmetric solutions of this system were found 
which represented charged particles. A spherically symmetric solution 


‘ eo 
in the region outside V is 


Constants a and b (the charge) are related by 


2e0iGa. Darewych landeHthsSchi ff secanees. tPhye'4/, 14202 (2969)% 


3. The most general solution in this region may be described representing 
the electric multipole expansion of particle's charge distribution. 
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Now for each value of ¢$(0) there is a solution of (II-8) 
(constants a and b change with 4(0) , the value of 4 at r=0). 
These solutions can be grouped together according to the number of 
nodes they have on the lines $6=0 and ¢=-1, ne M and N 
respectively. Thus there exists a continuum of well behaved solutions 
within each group of (M,N) which may be characterised by a parameter 
like $¢(0) (or b). To determine a discrete set of particle-like 
solutions the principle of least action was invoked: only those solu- 
tions for which the total Lagrangian L = Jav » ( L being the Lagran- 
gian density (II-2)), is a minimum with respect to the parameter charac- 
terising the continuum, will be considered to represent charged particles. 


Thus the first variation of L_ gives 


so that we look for the solutions corresponding to the extrimum values 


Ofavars(it they exist). 


The existance of compound particles was also indicated and 
studied. If we divide the entire space in total n alternate linear 
(a2 = -—1) and non-linear (A = 0) regions, the region near the origin 

i 


being always non-linear, then we get neutral particles when n _ is odd and 
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charged particles when n is even. 


Also the static interaction for widely separated particles 
was studied, showing that identical (non-identical, differing in sign 
only) neutral particles attract (repel) each other at large distances. 


For charged particles one gets the correct Coulomb Law. 


Because of the tensor formulation the theory pertains only 


to Bosons. 


The stability of neutral particle-like solutions (well behaved 
solutions of v6 = £'(¢)) was studied. The solutions are unstable in 
the sense of Derrick's SWaaecn reeene proved that, for a wide class 
of field equations, Derrick's instability criterion implies that the 
solutions are also dynamically unstable. This does not, however, immed- 
iately preclude the dynamical stability of the solutions of (II-6), 
since the Lagrangian density (II-2) does not belong to the class considered 
by Rosent Still one might expect the neutral particle-like solutions to 
be unstable, since all known spinless elementary particles are only meta- 
stable. It was shown, though, that the neutral particle-like solutions 
are stable against many dissociation modes such as dissociation into plane 


waves and particles with H=0. 
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Finally it may be pointed out that, in this theory, if 6 
is a solution so is -$ . In case of charged particles they 
(¢ and -$ ) represent oppositely charged particles with equal mass, 
while in case of neutral particles they represent non-identicle 


particles with same mass (or we can say that there is a mass degeneracy). 
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III. FIELD EQUATIONS 


Introducing the back-ground J, we modify the equations 


(II-1) to the following form: 


ees -[(me/f)* + (gfe)? a2] A, -ti/e” J, (111-1) 


with the same notation as in chapter II. 
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equations (III-1) take the dimensionless form 
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Now if we choose for back-ground a constant uniform charge 
density throughout the space i.e., J = (0,0,0,ip) , where po is a 
constant, then the corresponding vector equations become 
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The conservation of the 4-current requires that 
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With J = (0,0,0,ie) , where po is time-independent J, ie 0 so that 
: > 
A. must satisfy the gauge condition 
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Any solution of (III-2) will necessarily satisfy this condition. 
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For the fields in the external current J, @&) , the Lagran- 
gian density, though invariant under the homogeneous Lorentz transfor- 
mations, is not invariant under translations because of the explicit 
dependence of Jy on the co-ordinates Xs As a result we do not have 
conserved energy - momentum for the total system. In fact, one can show 
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where Tay is the cannonical energy - momentum tensor. 


Now for the system we are considering, the external current 
density is simply J = (0,0,0,ip) where p is a constant uniform 
charge density. So we do get local conservation of energy-momentum, 


that is to say 
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Thus we get a conservative law only if we could show that contribution 
from the last term is zero. In evaluating this term we must insert the 
values of the fields and the potentials at spatial infinity. Hence, in 
general, we can say that to have a conservation law the fields and the 
potentials must be such that Tay + 0 fast enough as space co-ordinates 
ao. inus it is mot sufficient that the fields alone vanish at infinity, 
but so should potentials, or at least be such that their contribution to 


the last term is zero. 
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IV. NEUTRAL PARTICLES 


If we consider the static case with H = 0 equations 


(III-3) and (III-4) become 
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gives for yp the following equation 
Z 
vy = (1 - 3d*)y - aay? - w?. (Iv-3) 


The phase-space Aaya along the lines of Pie teeeina 
et. al. suggests the existence of a discrete set of spherically symmetric 
solutions of (IV-3) with w'(0) = 0 and which are asymptotic to zero 
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as = + exp 21 gas) r . (This imposes a restriction on the values 
G6re.d viz. |d| < 1/(3) 2/2) . And these solutions will then represent, 


in this theory, the neutral particles, since 
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It may be pointed out that the condition y'(0) =0 is 
necessary for the spherically symmetric solutions so that the electric 


field E is defined at the origin. 


From (LII-6) with N= -l1 - we define the energy-momentum 


tensor as (with additional divergenceless term) 
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The energy-momentum tensor thus obtained satisfies 
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3. The choice N= -1 ensures positive mass for a neutral particle. 
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In fact for a static case with A= 0 cannonical energy-momentum 
5 es. es Are. : ; 
tensor itself is symmetric. This is so because in this case theory 


is similar.to a one component :scalar--theory. 


Since A=0 and yp goes as e 2 "Ie asymptotically, as 
pointed out in chapter III, equation (III-9), components of T, 
(expressed in terms of jf , and the proper choice of the constant K 


given below) satisfy 


This implies that the energy-momentum tensor does have the correct 
particle-like transformations (viz. Inig dV = nbs dV = ie. dV 10>). 


[This is true of both, (LV-4) Ae the cannonical form (ILII-7) as onan 


Then the mass of the particle, evaluated in the rest frame, is 


Thus for the finite mass of the particle the choice 
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One interesting feature of the theory is that for a given 
eeeyatate” (characterised by the number of nodes in W ) we have two 
different solutions vy, and ps (# -v,) depending upon whether 
v(0O) is positive or hebative And these two solutions yield, in 
general, different masses M, and M_ , whereas for the case p = 0 
we get yp = we and M, =M_. Thus the effect of a uniform back- 
ground charge density is to remove the mass degeneracy between the 


neutral states Un and yp. 


Applying previously developed needs solutions of (IV-3) 


were found to satisfy following integral relations: 
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- | (1 - 347) y" dv (IV-8) 
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= tere > SvE'W)I dv (IV-9) 
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F'(y) = dF/dy and 
2. 
i 3 as 
Fy) = LEH) ? - ay -F0". 
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5. By eigenstate we refer to one of the solutions of (IV-3) forming a 
discrete set, asymptotic to zero. 
6. This can be ete. seen from the asymmetry in the phase diagram for 
d #0 (Appendix A fig. A-2) as opposed to the symmetry of the one 
for d=0 (Appendix A fig. A-1). 
7. G.W. Darewych and H. Schiff, J.M.P. 8, 1479 (1966). 
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From (1V-9) follows 
2 3 4 
| Gb) dv = [3 eau | Gan ay = | 3(1 = 3d°)y" dv. (Eve10) 


Relations (IV~8) and (IV-10) can be combined to give 


| ede 2 | Oa ager ce | Gada adv (Iv-11) 
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Spherically symmetric solutions, for ground state (nodeless) 
and first excited state (one node), of (IV-3) were obtained numberically, 
fortvarious values of d", “using the method of central differences. It 
was verified numerically that these solutions satisfy the relations 
(IV-7) and (IV-11). The required integrals were evaluated by fee 
Bipeon's 1/3 rule. All the numerical results in this work were obtained 
on the IBM 360/67 ponnates at the Department of Computer Science, U. of A. 


To minimise the error due to rounding Double Precision was used throughout. 
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Further, the substitution 


was made, so that t is confined to the finite range from 0 to 1 
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Numerical results thus obtained are tabulated on the next 
page, following which is a graphical plot nodeless Vy and -y_ for 
f= 0 and d= 0.07) » and,one nede Un and =) for }d = 0,06.. 
Mass (M) is in units of tae ah 5 Ye isiineunits of eee andar 


is in units of fi/mc . 


A variational calculation was also carried out for spherically 
symmetric and non-spherical (viz. axially symmetric) states as well and 


is given in the next chapter. 
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V. VARIATIONAL CALCULATIONS FOR 
NEUTRAL PARTICLES 


First we study the spherically symmetric ground states 
solutions of (IV-3) variationally. Consider the simplest trial 


function 
(V-1) 


where A and © are the parameters (of amplitude and scale respec- 


tively) with respect to which we extremise the Lagrangian. 


The Lagrangian for equation (IV-3) is (for spherically 


symmetric case) 


L = J [A(ap/ae)® - = y* - 


Using (V-1) and integrating we get ~ 
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Then by setting 


dL/3A = 0 and dL/da = 0 
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we have, to the lst order in d 


64 iy)? 
i = qo 7k 4(2) / 
Rote) a (2/2 g 
32 ¢yy1/2 
a eG (2) e 
Ly = £53 + Za) d ry 


We observe that trial function Ver) does not satisfy w'(0) =0. 

This however is not a eran insofar as mass calculation is concerned. 
If desired the requirement y'(0) = 0 can be included as a subsidiary 
condition in the variational procedure. To this end another function ~- 


was tried, 
-a r 
} = Ator + De v 


which satisfies w'(0) = 0 , identically. 


This trial function gave 
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Results of the variational calculations are tabulated along 
with the numerical calculation (for d= 0 ) for comparison. The 
values of L (= mass, M) obtained variationally are aveibu Leena 
3.4% of the numerical value. The additional Met aed ~'(O) = 0 
imposed on the second trial is Mee gives a better w(0) (=A) but 
Yaises the minimum. A better fit would be obtained if we choose a 


: 4 ; : : ; -a x 
trial function which behaves, in the asymptotic region, as e (are 


Table (V - 1) 


Trial Function wv (O) Mass 
ol Vike cite ah Slt a ate le ose neh) 
Can: an is Gh anaTaliga i) eee 
A(ar + 1l)e °* + 4.05 - 5.28 d 1.55 > 51.6 d 
Numerical result + 4,339 1.503788 
(d = 0) 


It may be pointed out that integral relations (IV-8) and 


(IV-9) are equivalent to the extremisation of L through amplitude 
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variation and scale variation respectively, and may be used to 


determine A anda, 


Axially symmetric solutions were studied. From the nature 
of the equation satisfied by yp it could be seen that odd parity 
solutions are to be excluded. The following even parity trial functions 


were considered. 


t34 Wo =-Aa ¥ e- cos 6 


2ep- Al =r omer P, (cos 6) 


re B P, (cos 6)] 


Sh b= Aer [lio 


Parameters A,a, and B were obtained to the lst order in qd. A 


mixed parity function of the type 


De sf 


pe=A ao te fax P, (cos 6) Fa 2 8B P, (cos 6)] 


was also tried. In the small d limit it lead to an odd parity function 


The results for the three functions above are tabulated on the 


next page. 
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VI. CHARGED PARTICLES 


In the previous chapter, it was seen that for A = 0 
solutions were obtained representing neutral particles. Now with 
regard to further possible solutions of (IV-1) and (IV-2) we may 


consider the following situation: 


A= 0 in some volume V near (VI-1) 
the origin 

and 

At +1=0 outside V (VI-2) 
consequently equation (IV-2) becomes 

VoO=HG-6 +0 inside V 
and 

ne = 0 outside V (VI-4) 


Since both (VI-1) and (VI-2) must hold on the surface S&S 


enclosing the volume V , we get a boundary condition 


¢=+1 Clea bie (VI-5) 
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Now the most general spherically symmetric solution of 


(VI-4) is 
ee | (VI-6) 


where the constants a,b and p are, by boundary condition (VI-5), 


required to satisfy 


where R is the radius of the spherical region V. 


The expression (VI-6) represents a situation where there 


is a charge 'b' at the origin surrounded by a uniform charge density 


Oak. 


Now as before, we have a continuum of well behaved solutions 
characterized by, say $(0) , for each group (M,N) where M and N 
are the nodes on the lines $= 0 and ¢ =+1.. Hence in order to 
choose the discrete set of particle-like solutions we choose to invoke the 
action principle: only those solutions for which the total Lagrangian 


L is a minimum w.r.t. the parameters characterizing the continuum, will 


be considered to represent charged particles. 


The first variation of L is given by 
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Higthes = 1 
OL = is I 56> Vp « dS 


where S, is a spherical surface of radius R-- ©. With (0) 
as a parameter and 'a'’ and 'b' as functions of $(0) , using 


(VI-6) for out we have 


= ut [b+ re ei -8 + sb]! (vI-7) 
r+ 

Thus L will have an extremum only if ‘'a' and 'b' have simultan- 

eous extrema. Numerical calculations for various values of $(0) over 

a large range, for given values of p,did not exhibit such Siete ate 

extrema. We do not have, however, a general proof that such extrema ue 


not exist. 


It was seen in chapter III that, because J = (0,0,0,ip) 
where p is a constant, we get a cannonical energy-momentum tensor 


(III-6) patietyine T 0. In general, this tensor is not symmetric 


she one 
and need ae lead to the global conservation of energy-momentum. If we — 
could symmetrise this tensor, Bese ty a ae = 0 , we can construct 

the angular momentum density tensor, say Mie antisymmetric in i and 
k , which again may not give a global conservation;,only a local conserva- 


tion, that; is to say Te ae = 0. Now even if we do not have global 


conservation we would like to see if we can have local conservation and 


1, “G.W. Darewych, Ph.D.Thesis, Chapter V, p. oe 
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may attempt to construct a symmetric energy-momentum tensor satisfying 
Ty a 0. As seen before, expression (IV-4), the usual addition of 
> 


a divergenceless term (AF. o) 2 does not yield a symmetric tensor, 
> 


except when A=0. We can construct a Symmetric tensor using the 
Petiattion” 
1 _ 9 d¥gl ogv-g lh 
2 v8 erietec gl rie) a ale Grea, 
ox 0g 3 
ia a2 
Ox 
which also should ensure that Tek pe 0 (for Cartesian co-ordinates). 
3 
Then expressing the Lagrangian density (L) as 
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if An G Ba Yes £18 it 9 he S 
i rf_sm me 
= A se VI-9 
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po2e sto. Lendaa and FM. Lifechitd, The Classical Theory of Fields 
(revised 2nd edition), eqn. 94.4, p. 312. 
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But, as it is, this tensor, though symmetric, does not 


ericty 


If we require Tok (VI-10) to satisfy above relation we 


need to impose an additional condition 


And this condition would imply, for non-singular spherical symmetry, 


— 


A=0 everywhere. Further, even with A= 0 , this tensor does not 


show particle like properties. The choice of the constant K which 


gives finite | Ty dV , results in the divergence of | Th ay? ° 


(For a particle we require | Ty dV= | Too dV = | T.3 dVe= Oe) 


Hence it was thoughtthat, taking into account the contravar- 


fant character of the current, in the expression (VI-8) the term involving 


3 


‘3 
the back-ground current should be written as vn Spr ' As a result 


we get 


+ Spy + K) 65, 
(VI- 11) 


2 
= Pent (1 + AAA 


3. See Appendix B, Section IIT. 


4. TI would like to thank Dr. Israel for the discussion on this point. 
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which is symmetric and satisfies 


Since expression (VI-11) is arrived at without restrictions 
on A. 3 LGris natural” to eek that this tensor should give all the 
results of chapter IV wherein we obtained particle-like solutions with 
A=0 and y= 9o-d. But actually, this tensor does not exhibit 
particle-like properties for such a special case. The choice of the 
constant K which gives, in the rest frame, finite | Ty dV results 
in the divergence of | Th dv Pg while for a particle we require, in 


the rest frame, | Ti dV = | To dV = | T 33 dV -=..0; 


Thus in constructing the energy-momentum tensor, we get 
finite particle-like transformations for a special case A=0 provided 
we do not insist on the symmetry of the general expression for Ti, ‘ 
While if we insist on tae symmetry (or local conservation of angular 


momentum) for most general case then for above special case we are faced 


with infinite integral. 


Besides the construction of the energy-momentum tensor, the 
problem of separating out the charged particle from the back-ground 
remains. That is to remove the back-ground in such a way that one is 


b : : 
left with a ae (particle) = ay ba and a Ty having particle- 


er EOO 
5. See Appendix B, Section IV. 
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like properties. It does not seem possible to do so in a relativis- 


tically invariant manner. 


Such being the case, we may say that the system. does not 


admit static charged particle-like solutions. 


We, thus, seem to be unable to study the mass spectrum of 
the charged particles. But we may still attempt to establish the 
charge spectrum ( 'b' ) . As a heuristic approach, we may choose to 
of 


q 


consider those solutions for which '‘'a (VI-7) has an extremum, since 


P : ‘ ; 2 
in that case the leading divergent term in L is reduced to r 


from - $ 


Equation (VI-3) was solved numerically using Runge-Kutta 
method. Constants '‘'a' and 'b' were determined by the boundary 


condition $’'=+1 on S$ and the continuity of 9" . 


The numerical results thus obtained are tabulated on the 
next page. Only (M = 1, N = 1) group was considered. As is obvious 
the difference between by and, bits noticeable for large values of 


d only. 
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VII. CONCLUSIONS 


We have studied the effect of introducing a uniform constant 


charge density as a simple back-ground, on the non-linear field equations 
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New field equations proposed were 


2 
oo. Marion iar ween Rl 


J, = (0,0,0,ip) being the back-ground current and p being a constant. 


In a special case A= 0 everywhere, it is possible to obtain 
a symmetric energy-momentum tensor with a local conservation law for 
the total system. Not only that, but by simply expressing the total 
potential ¢ as = y+ d=, and a proper choice of d and K (the 
constant appearing in the Lagrangian density) leads us to proper energy- 
Momentum tensor, in terms of  , having particle-like transformations. 
It was pointed out that the spherically symmetric solutions for pp 
asymptotic to zero as iia bs form a discrete set and represent neutral 
particles. Asymptotically, then, the total potential appears as an expon- 
Achecicsaaty decaying contribution plus a constant back-ground term. Both 
these combine in the formulation of the mergy-momentum tensor to yield a 


total system that has finite particle-like transformations. Thus the 
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back-ground is incorporated into the partiele. 


In a case where A = 0 in some spherical region V_ near the 
origin and AS = -l outside V, the expression for Ce insract , 
represents a situation wherein a charge 'b' at the origin is 
Surrounded by the constant uniform charge density o.- But as seen 
in Chapter VI, because of the difficulties in the construction of 
the proper energy-momentum tensor, we are not able to study the mass 
spectrum (in fact one can say that we do not have any particle since 


we do not have proper energy-momentum tensor). Also the charge spectrum 


could be established only in a heuristic way. 


As seen in Chapter IV the introduction of the back-ground 
results in the removal of the mass degeneracy between by and p_ 
‘neutral states. Is it possible that in a more physical model such a 
removal of mass degeneracy would explain the small mass difference, 
© and K? 2? Since we are already on the specu- 
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lative plane, it may be of interest to obtain some estimate of d 


say,between neutral K 


(which gives a fractional mass difference comparable to that between 
Ky and Kes the fractional charge difference between b, and b_ 
for this value of qd and the corresponding back-ground charge density 
o- As can be seen from the graph C - 1 (Appendix Cy, wd. & 2.5x10° 2°? 
gives us the required mass difference between M, aud, Mos for. one 
first excited state. (In this theory of Bosons it is natural to 


identify the nodeless ground state with the Pions.), Further, graph 


C - 2 (Appendix C) shows that for this value of qd _ the fractional 
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charge difference between b, and bis lof the order ~exi0, 


Of course this could only be considered as a rough estimate (obtained 
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Dycextvapolation). It is interesting though to note that this estimate 

of the fractional charge difference compares closely with the estimate 

of the fractional charge difference between proton and electron given 

by H. Bondi (Chapt. I ref. 4). H. Bondi, wherein he uses the charge 
inequality of proton and electron to explain the expanding universe, 
obtains a value of the order wales R.Ws “Stover et, sal. (chants, ol 

ref. 4) found in their experiment an upper limit for the fractional charge 
difference between proton and electron, which is of the order o.sx10 1’, 
It may be stressed here that all our estimates of d and the fractional 


charge difference are independent of the universal constants m and g 


(appearing in eqn. III - 1). 


Further to obtain an estimate of 9 = (ae- dye) (ime we 
need to determine g and m. To this end if we identify the charge b 
with the electronic charge (i.e. bhe/e = 6), we get ¢ = 137 be = 


Ve7x10 / e.s.u. Similarly setting the mass of the lst excited state 


Ze 


- fed] 
equal to that of K° we get m x 6X10 gm. As a result op x 1.410 


@.s.0,/cC.c. 


Now if we look upon the back-ground simply as arising out of 
the charge difference between the positive and negative charges, the 
value of obtained here is not consistent with the known density of 
the charged particles in the universe. Again, to what extent then the 
back-ground charge density can be considered as a vacuum prepeny is not 


early show that some such consideration 
known, however our results cl y 


would have to be introduced. 


The investigation of plane wave-like solutions proved unsucces- 
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Though dynamical stability of the neutral particle-like 
solutions was not studied, it is obvious that they are unstable in 
the sense of Derrick's theorem (Chapter II, p. 8), since they are 


the solutions of the equation of the type 6 = F' (>) 
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APPENDIX A 


PHASE SPACE ANALYSIS 


Consider the equation for Ww 
vps (1 - a )y- ayy. 
For the spherical symmetry, we may write 
vy = y(r) 
Then equation for y is 
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iz 
y" + Zy! =. (1 = Bay - 3dy -y 


and we assign, at the origin y'=0. 


The equation has trivial special solution 


y = constant =C say 
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Consider the solution in the neighbourhood of special 


solutions 


Then in asymptotic region, for small u , linearised equations 


Satisfied by u are 


(1 - 34°) u near Gu=n0 
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The solutions are, in general, spherical Bessel functions. We 
want the eigen-solutions (near C = 0) to approach the axis exponentially 


in order to have quadratic integrability. This imposes a condition 


lathes 1/(3) 1/2 ; 


Thus in the asymptotic region, we have 
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the different nature of these special 


the phase-plane. 


Now if we consider y and 
of a representative point, then given 
tive motion. 

K = 


1 ary2 
9 bye 


where 


The equilibrium points of this motion 


and correspond to the special solutions y = 0 


Figure (A-1) represents the 


Figure (A-2) represents the situation for 


tive of the conservative motion will move on the curves of constant 


C, and the axis correspond to 


solutions, as will be seen on 
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y as position and velocity 


equation describes a non-conserva- 


The energy for the corresponding conservative motion is 


V(y) 


are given by 2V/ay = 0 
= and y = of < 
situation for d= 0 , while 
d=0.1. A point representa- 


K,; 


while for actual motion (non-conservative) we may consider 


d K/dr = 


which is always negative. 
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motion will always move inwards across the lines of constant K. Such 


a trajectory must always terminate either at C,. or the origin. 


Forsintttal walue, of *y @such that (0 </ye< 72). the 
trajectory will always terminate at C, weiiwe increase initial yi; 


slightly, to say yy the trajectory May*still terminatesat C ™. If 


a 

we further increase it to say Yo it may terminate at Claes while for 
some value y(yy < y= Yo) it will terminate at the origin. The traj- 
ectory y0 represents the eigen-solution. Solutions corresponding to 


the trajectories YO ; y0 and Y5C_ are described schematically in 


Figure (A-3). 


By narrowing the interval Wis ¥ the eigen-solutions may 


be determined with arbitrary accuracy. 


By increasing initial value of y further we can repeat the 


same proceedure to obtain a discrete set of eigen-solutions. 
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APPENDIX B 


CONCERNING ENERGY MOMENTUM TENSOR 


ili The cannonical energy-momentum tensor Tok for the system 


is given by (III-7). It satisfies 
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case Tay is symmetrion. To see this let us examine the term 
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APPENDIX C 


Herein we use extrapolation in order to determine d which 
gives a fractional mass difference comparable to that between K and 


Ce Further by the same method the fractional charge difference for 


this value of d is determined. 
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